To evaluate the diagnostic efficacy of needle aspiration biopsy of seminiferous tubules (NABST) and to represent the redistributed diagnostic results corresponding to testicular volumes and follicle-stimulating hormone (FSH) levels. In this retrospective study, we investigated 65 infertile men with either azoospermia or oligoasthenoteratozoospermia. Following NABST, specimens were stained with hematoxylin and eosin and classified into five histological types. With pre-procedure FSH levels and testicular volumes, we evaluated the probabilities of detecting sperms within biopsy specimens. NABST led to the classification of normal spermatogenesis in 31 cases (47.7%), hypospermatogenesis in 23 cases (35.4%), maturation arrest in 4 cases (6.2%), and Sertoli cell only syndrome in 4 cases (6.2%). The success rate of reaching a histological diagnosis using NABST was 95.4% (62 out of 65 cases). Fourteen patients (21.5%) had a testicular volume ＜15 cc; of these, 8 patients (57.1%) had normal spermatogenesis, 2 patients (14.3%) had hypospermatogenesis, 2 patients (14.3%) had maturation arrest and 2 patients (14.3%) had Sertoli cell-only syndrome (SCO). Twelve patients (18.5%) had an FSH level ≥10 IU; of these, 6 (50%) had normal spermatogenesis, 2 patients (16.7%) had maturation arrest and 4 patients (33.3%) had SCO. Cases with an FSH level ＜10 IU were positively associated with a probability of detecting sperm using NABST (p＜0.001). NABST is a reliable tool for the histological diagnosis of azoospermic and oligoasthenoteratozoospermic patients. The diagnostic success rate was high and associated with pathological accuracy. NABST is a convenient procedure with few complications. were the pioneers of fine needle aspiration testicular biopsy for infertile males. Testicular biopsy has become one of the most basic and valuable tools in the male infertility field. The open testicular biopsy technique is routinely practiced at local urological clinics in Korea for the histological diagnosis of azoospermia and oligoasthenoteratozoospermia (OATS). However, this procedure requires surgical equipment, surgical experience, 4 and is an inconvenient and invasive technique. Despite these issues, this procedure is commonly used to determine whether azoospermia is the result of ductal obstruction, non-obstruction, or testicular pathology, and can also be used in certain patients with severe OATS. 5, 6 Although needle aspiration biopsy of the seminiferous tubules (NABST) has been increasingly addressed as a diagnostic tool, there is still no consensus with regards to its histological diagnostic efficacy. Furthermore, the minimal standards for an adequate number of studies have yet to be reported in Korea. Consequently, NABST has yet to become a routine clinical method in Korea. This is unfortunate, because NABST is a simple, quick, and accurate method with few reported complications.
INTRODUCTION
While fine-needle-aspiration of human organs, as developed by Zajiceck, 1 is an accepted modality of diagnosis, Orbant and Persson 2 and Persson et al. 3 were the pioneers of fine needle aspiration testicular biopsy for infertile males. Testicular biopsy has become one of the most basic and valuable tools in the male infertility field. The open testicular biopsy technique is routinely practiced at local urological clinics in Korea for the histological diagnosis of azoospermia and oligoasthenoteratozoospermia (OATS). However, this procedure requires surgical equipment, surgical experience, 4 and is an inconvenient and invasive technique. Despite these issues, this procedure is commonly used to determine whether azoospermia is the result of ductal obstruction, non-obstruction, or testicular pathology, and can also be used in certain patients with severe OATS. 5, 6 Although needle aspiration biopsy of the seminiferous tubules (NABST) has been increasingly addressed as a diagnostic tool, there is still no consensus with regards to its histological diagnostic efficacy. Furthermore, the minimal standards for an adequate number of studies have yet to be reported in Korea. Consequently, NABST has yet to become a routine clinical method in Korea. This is unfortunate, because NABST is a simple, quick, and accurate method with few reported complications.
The present study was designed as part of our post-NABST 
MATERIALS AND METHODS
This was a retrospective study consisting of 65 patients undergoing NABST in the Bundang CHA Hospital between January 2012 and December 2013. Of the 65 NABST cases, 62 were diagnosed with azoospermia, and 3 were diagnosed with severe OATS. The mean patient age was 38.4±7.0 years (Range: 31 to 45 years). The chi-square test was used to describe associations with the probability of detecting sperm in NABST specimens.
All patients underwent pre-procedure routine infertility evaluation including FSH levels (mean FSH: 8.3±4.7 IU) and testicular volumes (mean testicular volume: 16.0±4.0 cc). FSH levels were determined by a chemiluminescent immunoassay while Prader-orchiodometry was used to measure testicular volumes. Patients were excluded if testicular volume was ＜5 cc.
NABST was performed using a 23-gauge butterfly needle and aspirated with a 50 mL syringe unilaterally. After disinfecting the skin using iodine solution and applying local anesthesia with 1% lidocaine, the needle was inserted into the testis. The needle was moved gently back and forth repeatedly and then withdrawn and negative pressure was created using a syringe to maintain suction. For the best results, we tried at least three punctures in each testis. Following aspiration, specimens were immediately fixed in Bouin's solution, embedded in paraffin, and cut into 4 m sections. The sections were stained with hematoxylin and eosin in the conventional way. A wide range of histological reporting systems have been described; here, we used the Johnsen score in which sperm maturation is divided into 10 different grades according to the most advanced germ cell in the tubule. 7 Previously, several classification systems have been described for the histology of spermatogenesis. [8] [9] [10] [11] [12] These systems are based upon five main histological patterns of spermatogenesis: a) normal spermatogenesis; b) hypospermatogenesis [all germ cell stages present including spermatozoa, although the number of germ cells is distinctly reduced]; c) spermatogenic arrest [incomplete spermatogenesis, failure to proceed beyond the spermatocyte stage]; d) Sertoli cell-only syndrome (SCO) [no germ cells within the seminiferous tubules[; and e) tubular sclerosis [ total absence of seminiferous tubules]. We arranged the histological diagnosis categories from category a) to e).
In addition, we compared our histological diagnostic outcomes from NABST with other institutional data from 1993, and evaluated the probability of detecting sperm in NABST specimens using the chi-square test for descriptions.
RESULTS
Of the 65 patients undergoing NABST, 31 patients (47.7%) were classified histologically as having normal spermatogenesis. The characteristics of the 65 patients who underwent NBST were described in Table 1 . Hypospermatogenesis was diagnosed in 23 patients (35.4%), spermatogenic maturation arrest in 4 patients (6.2%), and SCO in 4 patients (6.2%). Tubular sclerosis was not detected in any of our patients. In 3 cases, we were unable to extract seminiferous tubules for diagnosis; these patients therefore received open testicular biopsy instead. Our success rate for histological diagnosis following NABST was 95.4% (62 out of 65 cases); a previous institutional publication, from Shaare Zedek hospital, reported a success rate of 91.4% (32 out of 35 cases). 13 Our success rate was therefore comparable to that other institutions. It was interesting that both our own study, and the previous institu- Overall, 71.4% (10/14) of specimens contained sperm when the testicular volume was ＜15 cc and 92.2% (47/51) when the testicular volume was ≥15 cc (Table 4) . On the other hand, 96.2% (51/53) of specimens contained sperm when FSH was ＜10 IU and 50.0% (6/12) when FSH level was ≥10 IU (Table 5) . We also used the chi-square test to investigate the probabilities of finding sperm in specimens according to FSH levels and testicular volumes; the only significant association was with the FSH level (p＜0.001). Testicular volume (≥15 cc) was not related to the probability of finding sperm (p=0.224; Tables 4, 5) .
All 3 patients with severe OATS showed a normal testicular volume and normal FSH levels. NSBST showed normal spermatogenesis in 2 of these patients and hypospermatogenesis in the other patient. There were no complications except skin bruising in some patients.
DISCUSSION
Over the last few decades, open testicular biopsy has been the preferred method for the investigation of testicular histology.
14 Although NABST is recognized as a reliable and informative procedure, 15, 16 it has not been widely used in the United States to diagnose male infertility. Recently however, NABST has been gaining increasing popularity for the diagnosis and treatment of male infertility. Because of its cellularity and easy accessibility, it is easy to perform needle aspiration in the testis. In line with the current trend towards the adoption of minimally-invasive and cost-effective approaches , NABST is clearly advantageous over the open technique. 17 Therefore, there has been a increase in the usage of NABST as an important, minimally-invasive tool for the diagnosis and treatment of male infertility. 18 Although NABST allows us to investigate the seminiferous tubules, its capability for investigating the interstitium is limited. 19, 20 The open procedure is better placed for detecting in situ neoplasia or cancer, and for the overall assessment of seminiferous tubules and the interstitium.
In our study, all of the histologically prepared specimens were classified for practical, clinical use under the following groupings: normal spermatogenesis, hypospermatogenesis, maturation arrest, SCO and tubular sclerosis. In 62 out of 65 NABST patients, we were able to acquire sufficient material and provide a diagnosis by NABST. Regar-ding the distribution of each group, the proportion of specimens with normal spermatogenesis was similar to that reported in a previous study involving Israeli patients with azoospermia and oligospermia. 12 In our current study, hypospermatogenesis was observed in 35.4% of our study population; in the Israeli study, however, there were no cases of hypospermatogenesis but many more severe cases, such as maturation arrest and SCO. In this respect, we can assume that there were ethnic differences between the infertile patients involved in these two studies. It is also possible that the indication for NABST may differ between Israelis and Koreans.
The success rate for our NABST procedure (95.4%) was comparable to that reported in previous studies (91.4%). 12 In our present study, we failed to aspirate a testicular specimen in only 3 cases (4.6%). One reason for this, may have been that there was pre-existing, severe fibrotic inflammations in these three cases. In such cases, it is possible to repeat the NABST, although we did not do so in our three cases. Instead, we chose to use the open technique for these patients.
In our experience, NABST is non-invasive, reports high diagnostic rates, and has the advantage of conversion to open biopsy whenever necessary. In addition, NABST is inexpensive when compared to open biopsy and is also excellent in terms of allowing the patient to return to daily life in a rapid manner. Therefore NABST represents a very useful first line diagnostic tool for male infertility.
NABST has some limitations when we consider the entire range of testicular diseases. In normal spermatogenesis and hypospermatogenesis cases, NABST was successfully performed without complications. However, in some non-obstructive cases, appropriate amounts of sperm for artificial reproductive technology could not be acquired. Furthermore, NABST only provides pathological information on the specific area that is aspirated. NABST does not provide data relating to cancer because it cannot acquire material from the interstitial or Leydig cells which fill the space between the seminiferous tubules. For these reasons, testicular biopsy currently plays a limited role in the diagnosis of urological disease. This study was also retrospective in nature with a relatively small number of patients. Furthermore, because we did not perform the open testicular biopsy for all patients, it was not possible to compare pathological results between NABST and open testicular biopsy.
In conclusions, NABST is a reliable tool for histological diagnosis in azoospermic and oligoasthenoteratozoospermic patients. The diagnostic success rate was high and the technique provided accurate pathological information. Furthermore, NABST is a convenient procedure with few complications and could be a better diagnostic method for male infertility as an out-patient based procedure.
